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Most experience in the comparison of diagnostic tools for canine leishmaniasis comes from cross-sectional
surveys of dogs of different ages and breeds and in cases with unknown onset and duration of leishmaniasis.
A longitudinal study was performed on 43 beagle dogs exposed to three transmission seasons (2002 to 2004)
of Mediterranean leishmaniasis and examined periodically over 32 months through bone marrow microscopy
and nested PCR (n-PCR), lymph node culture, serology (immunofluorescent-antibody test), and evaluation of
clinical parameters. Starting from January 2003, the highest rate of positives was detected by n-PCR at all
assessments (from 23.3% to 97.3%). Sensitivities of serologic and parasitological techniques were lower but
increased with time, from 15.8% to 75.0 to 77.8%. Some dogs that tested positive by n-PCR but negative by other
tests (“subpatent infection”) remained so until the end of the study or converted to negative in subsequent
assessments, whereas all dogs with positive serology and/or microscopy/culture (“asymptomatic patent infec-
tion”) exhibited progressive leishmaniasis; 68% of them developed clinical disease (“symptomatic patent
infection”) during the study, at 7 (range, 3 to 14) months after being positive to all tests. Postexposure infection
incidences were high and were significantly different between 2002 and 2003 exposures (39.5% and 91.7%,
respectively). The time course of infection was highly variable in each dog, with three patterns being identified:
(i) rapid establishment of a patent condition (0 to 2 months from detection of infection); (ii) a prolonged
subpatent condition (4 to 22 months) before progression; and (iii) a transient subpatent condition followed by
10 to 21 months of apparent Leishmania-negative status before progression.

Zoonotic visceral leishmaniasis, caused by the protozoan
parasite Leishmania infantum (�L. chagasi) (17), is a sand
fly-borne disease found in the Mediterranean area, Asia, and
Latin America (5). In most of this range, the domestic dog is
the main reservoir host. Dogs may suffer from a severe disease
characterized by chronic evolution of viscero-cutaneous signs,
which occurs in fewer than 50% of infected animals (13);
however, both asymptomatic and symptomatic dogs can be
infectious to phlebotomine vectors (18). Canine leishmaniasis
is a major veterinary and public health problem in traditional
areas of endemicity, but also in areas where the disease is not
endemic but outbreaks are occasionally reported, such as in
the United States and Canada (7, 23) and northern Europe
(24). The prevalence and incidence of canine infection are
important epidemiologic parameters, the estimation of which
depends on the reliable identification of infected dogs. Para-
sitological examination by microscopy and culture and a wide
variety of serologic and PCR techniques have been extensively
used in comparative assays for the diagnosis of Leishmania
infection in canines (see reference 1 for a review). In general,
a number of PCR-based methods exhibited higher sensitivity
to detect any Leishmania infection compared to parasitological
and serologic methods. Positive findings with the latter tech-

niques, however, tend to be associated with important features,
such as occurrence of clinical disease or infectiousness to phle-
botomine vectors (3, 20). Most experience in the application and
comparison of diagnostic tools for natural infections comes from
cross-sectional studies on dogs of different ages and breeds (8, 16,
21, 22, 26). Consequently, interpretation of the laboratory data is
difficult, and this may explain the different performances reported
for various diagnostic techniques in cases with unknown onset
and duration of the infection and with different breed-associated
susceptibilities to Leishmania (25).

We have carried out a longitudinal study on 43 dogs of the
same age and breed, with the aim to determine the incidence
and time course of L. infantum infections acquired by natural
exposure, by means of parasitological, serologic, and PCR
techniques. Dogs were exposed to sand fly bites in a setting
where the infection is endemic and seasonally transmitted and
were periodically examined during a 32-month period which
included three transmission seasons.

MATERIALS AND METHODS

Study area and dogs. The study was performed in a rural area of the Naples
province in southern Italy, where both human and canine visceral leishmaniases
are highly endemic (11, 15). The local phlebotomine vector, Phlebotomus perni-
ciosus, is usually active from the end of May through early October (14). Forty-
three beagle dogs (23 males), which were born in January 2002 in an area of
northern Italy where the infection is not endemic and which tested Leishmania
negative by serology (immunofluorescent-antibody test [IFAT]), were moved to
the study site in July 2002. There the dogs were placed in an open kennel and
kept under constant veterinary care during the study period. The use of topical
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or environmental insecticides was avoided to allow natural exposure of dogs to
sand fly bites. The collection of biological samples from the dogs was performed
in accordance with the national guidelines for animal welfare.

Samples. Every 1 to 3 months, the following samples were obtained from each
dog: (i) peripheral blood for specific serology, hematological evaluation, and
clinical chemistry; (ii) bone marrow (BM) aspirate for microscopy and Leish-
mania DNA detection by nested PCR (n-PCR); and (iii) popliteal lymph node
(LN) aspirate for parasite culture.

IFAT. The in-house antigen consisted of promastigotes of L. infantum zymo-
deme MON-1, and the assay procedure followed the protocol of the Office
International des Epizooties (9). The cutoff dilution was set at 1:160.

Nested PCR. Total genomic DNA was extracted from 350 �l of BM sample
using the Easy-DNA kit (Invitrogen, San Diego, CA) and was stored at �20°C
until use. The first PCR amplification was carried out in a 50-�l volume con-
taining 10 �l BM DNA plus 40 �l PCR Master Mix (Promega) containing 50
pmol of the kinetoplastid-specific primers R221 and R332 of the small-subunit
rRNA gene (27). For the second amplification, 3 �l of the first PCR product was
added to 22 �l of PCR Master Mix (Promega) containing 3 pmol of the Leish-
mania-specific primers R223 and R333 of the same gene (27). Contaminations of
amplicons were avoided by using physical separation (rooms and materials) as
well as decontamination procedures (UV exposure and bleaching of materials
and surfaces). BM samples from Leishmania-free dogs were used as negative
controls in each step of the procedure. The amplification products were analyzed
on 1.5% agarose gels and visualized under UV light. Positive samples yielded a
predicted n-PCR product of 358 bp.

Microscopy and culture. BM aspirate material was smeared onto slides and
stained with Giemsa stain. LN aspirate material was cultured in Evans’ modified
Tobie’s medium at 22.5°C. Cultures were examined for promastigote growth for
1 month.

Clinical assessment. Clinical assessment was performed by accurate inspec-
tion of dogs for the presence of seven signs attributable to Leishmania infection
(i.e., dermatitis, skin ulcers, alopecia, ocular lesions, lymphadenopathy, onycho-
gryphosis, and weight loss) (2) and by the evaluation of nonspecific laboratory
data such as full blood count, total proteins, and albumin/globulin ratio. Animals
were scored for clinical and laboratory signs on a scale of 0 to 2 or 3, and the
scores were added up to give a clinical score.

Statistical analysis. Infection incidence rates and sensitivity values recorded
by each diagnostic method were tested for significance by the chi-square test or
one-tailed Fisher exact test as appropriate.

RESULTS

Exposure of dogs to sand fly bites. The duration of a dog’s
exposure to bites of P. perniciosus sand flies was estimated
through routine entomological data obtained from sand fly
collection stations sited in villages of southern Italy in the years
2002, 2003, and 2004. In the transmission season in 2002, the
vector was present at low density from June through late Sep-
tember due to unfavorable climatic conditions. In 2003 and

2004, high densities of P. perniciosus were recorded from the
end of May through mid-October, with two peaks in July and
September. Therefore, the dogs were exposed to sand fly bites
for about 2.5 months in 2002 and for about 5 months in 2003
and 2004.

Six dogs died in the period from September 2002 to October
2003. These animals were either Leishmania negative or had
subpatent leishmanial infections. Necroscopy findings suggested
that the deaths were unrelated to leishmaniasis.

Comparative performance of diagnostic techniques in de-
tecting infections. Eighteen full samplings were performed
from October 2002 through May 2005, for a total of 681 sets of
samples (Table 1). Considering the cumulative results, the
highest number of positives was found with the n-PCR exam-
ination of BM (371; 54.5%) and the lowest with the serologic
examination (180; 26.4%). BM microscopy and LN culture
(190 positive samples each; 27.9%) showed identical perfor-
mance. The sensitivity of BM n-PCR proved to be 100%, in
contrast to 51.2% for parasitological and 48.5% for serologic
techniques.

Considering the longitudinal results, the rate of positives in
BM n-PCR recorded at each assessment (from 23.3% in
March 2003 to 97.3% in May 2005) was always significantly
higher than rates determined by serology and microscopy/cul-
ture examinations (from 7.0% to 75.0 to 75.7% in the same
period) (P � 0.05) (Table 2). However, while BM n-PCR was
found to be 100% sensitive at each assessment, the sensitivities
of the parasitological and serologic techniques were not uni-
form over time, as both increased from 15.8% in December
2003 to 75.0 to 77.8% in May 2005, although they always were
significantly lower than the BM n-PCR sensitivity (P � 0.05)
(Table 2).

Seven of 35 dogs (20.0%) that tested positive by BM n-PCR
but negative by other tests at one assessment converted to
negative in the subsequent assessment. Four of them converted
again to positive after a variable period of time. In contrast, all
dogs detected as having an IFAT titer of �1:160 and/or posi-
tive BM microscopy and LN culture at one assessment were
found to be positive by these tests in all subsequent assess-
ments. In particular, IFAT titers increased progressively from
the seroconversion value up to a plateau of 1:5,120 (Fig. 1).
Notably, in half of these dogs (14/28) the detection of signifi-
cant levels of specific antibodies was preceded by the demon-

TABLE 1. Cumulative results of nested PCR, serology, microscopy,
and culture examinations of 681 sets of canine samples

collected from October 2002 to May 2005

No. of samples BM n-PCR IFAT BM
microscopy

LN
culture

310 � � � �
176 � � � �
175 � � � �
15 � � � �
5 � � � �

No. positive 371 180 190 190
% positivea 54.5 26.4 27.9 27.9
Sensitivity (%)b 100 48.5 51.2 51.2

a Percentage of positive samples over total samples analyzed using the indi-
cated method.

b Percentage of positive samples with the indicated method over total positive
samples with at least one method.

TABLE 2. Number of positive samples by and sensitivity of nested
PCR, serology, and microscopy/culture at some assessmentsa

Mo and yr
No.
of

dogs

BM n-PCR IFAT
BM

microscopy/LN
culture

No. (%)
Pos % S No. (%)

Pos % S No. (%)
Pos % S

March 2003 43 10 (23.3) 100 3 (7.0) 30.0 3 (7.0) 30.0
September 2003 42 14 (33.3) 100 3 (7.1) 21.4 3 (7.1) 21.4
December 2003 40 19 (47.5) 100 3 (7.5) 15.8 3 (7.5) 15.8
March 2004 39 26 (66.7) 100 9 (23.1) 34.6 10 (25.6) 38.5
May 2004 38 33 (86.8) 100 18 (47.4) 54.5 17 (44.7) 51.5
December 2004 37 35 (94.6) 100 27 (73.0) 77.1 26 (70.3) 74.3
May 2005 37 36 (97.3) 100 28 (75.7) 77.8 27 (73.0) 75.0

a Pos, positive; S, sensitivity.
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stration of the organisms by microscopy/culture 1 to 2 months
earlier.

Occurrence of clinical manifestations. The first symptomatic
case was detected 10 months after the 2002 exposure (July 2003).
Clinical disease was progressively recorded in a further 18 dogs by
the end of the study. All 19 dogs had been positive in all diag-
nostic tests for a median period of 7 months (range, 3 to 14
months) before the onset of symptoms. Clinical scores varied
from 4 (oligosymptomatic condition) in the early infection stages
to 17 (polysymptomatic condition) in the late ones. None of the
dogs recorded as having clinical disease showed spontaneous res-
olution of symptoms. Animals with polysymptomatic disease re-
ceived a 1-month course of specific antileishmanial treatment,
consisting of intramuscular meglumine antimoniate plus oral al-
lopurinol.

Category of infection. By the comparative analysis of diag-
nostic and clinical findings from longitudinal samples, the stage
of Leishmania infection detected at each assessment was as-
signed to one of the following categories: (i) subpatent infec-
tion (this term is preferred to “prepatent,” as not all subjects
evolved to a patent condition), meaning detection of parasite
DNA in BM samples (occasionally followed by conversion to
negative in a subsequent assessment[s]), an IFAT titer of �1:
160, negative BM microscopy and LN culture, and a clinical
score of �3; (ii) asymptomatic patent infection, meaning
steady detection of parasite DNA in BM samples, steady or
increasing IFAT titer (�1:160), positive BM microscopy and
LN culture, and a clinical score of �3; and (iii) symptomatic
patent infection, meaning laboratory findings as for asymptom-
atic patent infection and a clinical score of �3.

Prevalence of different categories of infection after each
exposure. Cross-sectional findings for samples obtained in May
2003, May 2004, and May 2005 were used to estimate the
prevalence and category of Leishmania infections following
each transmission season and before the exposure to new in-
fections (Table 3). From May 2003 to May 2005, the percent-
age of infected dogs in a subpatent condition decreased from

75.0% to 25.0%, while those that developed a patent infection
associated with clinical disease increased from 0 to 52.8%.

Incidence and progression of infection. Following exposure
to the 2002 transmission season, infections were first recorded
in 11 dogs in mid-January 2003, i.e., 3.5 months after the end
of the season. Six more dogs were found to be infected in
March and May (three dogs each). As no further infections
were detected through the end of the 2003 transmission sea-
son, the infection incidence attributed to the first exposure was
39.5% (17/43). Following exposure to the 2003 season, new
infections were detected in two dogs at the end of September,
in five in December, in seven in February 2004, and in eight in
April. Hence, the incidence attributed to the second exposure
was 91.7% (22 out of 24 dogs remained apparently negative
after the first exposure), i.e., much higher than the 2002 inci-
dence value (P � 0.001). Finally, 2/2 dogs still negative were
found to be infected after the 2004 exposure, in November
2004 and April 2005, respectively. Therefore, if we exclude the
two dogs that remained negative until they died in October
2003, 100% of our dogs showed evidence of a Leishmania
infection in at least one assessment.

The time course of the infection was variable (Fig. 2). Ex-
cluding dogs that died during the study, three main patterns
may be arbitrarily identified among the 37 surviving dogs. (i)
Eleven dogs (29.7%) showed rapid establishment of a patent
condition. This was characterized by the simultaneous detec-
tion of Leishmania by all tests (six dogs) or was preceded by a
short period of a subpatent condition (�2 months, correspond-
ing to the periodicity of our assessments) (five dogs). (ii) Twenty-
one dogs (56.8%) showed a prolonged subpatent condition,
from 4 to 22 months, either progressing (13 dogs) or not (8
dogs) to a patent condition. In this type of pattern, however,
we included animals found infected late in the study and for
which a progression to patent infection could not be ascer-
tained. In dogs with established progressive infection, the me-
dian time to seroconversion was 10.5 months (range, 4 to 22
months). (iii) Five dogs (13.5%) showed a transient subpatent
condition. In these animals, the infection was detected once
and then it was followed by 10 to 21 months of an apparent
Leishmania-negative condition. After this period, four dogs
presented infection courses described above.

None of the dogs that developed patent leishmaniasis
showed spontaneous conversion to a subpatent condition, sug-
gesting the progressive nature of the disease in these animals.

FIG. 1. Trend of IFAT titers detected in 104 serum samples from
dogs with seroconversion titers of �1:160 and for which �3 serologic
determinations were available. Error bars indicate lower and upper
95% confidence limits.

TABLE 3. Cross-sectional findings for dogs after each Leishmania
transmission season, examined before exposure to new infections

Mo and yr No. of
dogs

No. (%)
positive

No. (%) with the following category
of infection:

Subpatent Asymptomatic
patent

Symptomatic
patent

May 2003 43 12 (27.9) 9 (75.0)a 3 (25.0) 0
May 2004 38 33 (86.8) 16 (48.5)b 12 (36.4) 5 (15.1)
May 2005 37 36 (97.3) 9 (25.0)c 8 (22.2) 19 (52.8)

a Five dogs that previously tested positive were found to be negative at this
assessment.

b Three dogs that previously tested positive were found to be negative at this
assessment.

c One dog that previously tested positive was found to be negative at this
assessment.
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DISCUSSION

To our knowledge, this is the first investigation of this type
carried out in a setting where canine leishmaniasis is endemic
and seasonally transmitted. A similar longitudinal study was
performed in an area of canine leishmaniasis endemicity in
Brazil that is characterized by annual L. infantum transmission
(20). Those authors, however, employed different study design
and diagnosis protocols.

In our study, parasitological, serologic, and molecular tech-
niques were used in combination to determine the course of
infection in dogs after intermittent exposure to L. infantum.
Hence, their relative diagnostic performances could be com-
pared in animals with known onsets and durations of natural
infection. In dogs with ascertained progressive leishmaniasis
(28/37), n-PCR predicted such a condition in 100% of the
cases, while both serology and microscopy/culture failed to do
so in 79% (22/28) at the initial detection of infection and in
61% (17/28) 2 to 4 months after detection of infection. The
high sensitivity of our PCR method may depend not only on
the targeted multicopy-sequence small-subunit rRNA gene
(27) but also on the type of biopsy material and protocol used.
Although requiring an invasive procedure, BM biopsy is usu-
ally considered the sample of choice for a sensitive diagnosis of
canine leishmaniasis, compared with less invasive materials
such as peripheral blood (12). Among available PCR proto-
cols, n-PCR is one of the most powerful techniques, theoreti-
cally being able to detect the DNA of 0.01 parasite (4).

On the other hand, n-PCR also tested positive in animals
that, during the observation period, did not show any evidence

of uncontrolled parasite multiplication and/or production of
high-titer specific antibodies, both conditions being 100% pre-
dictive for the onset of clinical disease in a median period of 7
(range, 3 to 14) months. Furthermore, among these animals
with subpatent infection there were some that converted to
negative for long periods. Since repeated assays excluded the
possibility that these “transient” n-PCR positives were false
positives due to contamination, this finding may have two ex-
planations: (i) after infection, the parasite load in BM dropped
to undetectable for a variable period of time until the number
of organisms increased again (this type of “parasite silencing,”
attributable to a limited sensitivity of diagnostic tests, has been
reported for experimental canine leishmaniasis [19]), or (ii) the
dogs cleared the infection acquired in one transmission season,
but they were reinfected in subsequent seasons. Our follow-up
findings may be consistent with the second explanation, as the
time courses of putative reinfections were similar to those of
dogs that were infected for the first time in the same season
(Fig. 2). If this is so, it may be argued that “natural vaccina-
tion” with L. infantum did not protect our dogs from further
infections and from disease progression.

Whatever diagnostic method is considered, our cross-sec-
tional findings indicated an extremely high burden of infection
compared with results from cross-sectional surveys reported
elsewhere for canines exposed to seasonal L. infantum trans-
mission (8, 16, 22, 26). In those reports, which included dogs of
different ages and breeds, canine leishmaniasis prevalences
were found to range from 49 to 87% by BM/LN PCR, 26 to
49% by serologic tests (IFAT titer of �1/160, enzyme-linked

FIG. 2. Time course of Leishmania infections detected in 41 beagle dogs by parasitological, serologic, and n-PCR techniques during 32 months
of observations following exposure to the 2002 transmission season, starting from October 2002. Results for two dogs that remained negative until
they died in October 2003 are not shown in the graph. White bars, negative by all tests; light gray bars, positive by n-PCR only; hatched bars,
positive by serology and n-PCR; dark gray bars, positive by n-PCR and culture/microscopy; black bars, positive by all tests; †, dog’s death.
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immunosorbent assay, or Western blotting), and 23 to 43% by
BM/LN microscopy/culture. In our survey performed on May
2005, when the dogs were 3.5 years old, prevalence values
obtained by the three methods were 97%, 76%, and 73%,
respectively. Furthermore, in our study area a serological sur-
vey performed among 326 owned dogs in 1998 had revealed a
seroprevalence of 40.4% (15), a quite high rate but about half
of the seroprevalence value detected at the end of our study.
Incidence values were also high, although they showed a sharp
difference between 2002 and 2003 exposures (39.5% and
91.7%, respectively). This may be attributable to both a shorter
period of infection exposure (2.5 months) and a lower density
of the phlebotomine vectors in the 2002 season, as well as the
possible occurrence of infections undetected by our methods
after this season and which became apparent only after the
2003 season.

Reasons for such an elevated burden of infection could be
found in the particular conditions to which our group of ani-
mals was exposed, i.e., without any sand fly control measures
(15) or removal of leishmaniasis cases during three consecutive
seasons (10), which may have contributed to a focal cycle of
intense transmission. Furthermore, beagle dogs may be partic-
ularly susceptible to Leishmania infections compared with
other breeds (25) or mongrel dogs. Dye et al. (6) estimated a
72% infection incidence among 50 beagle dogs exposed to
natural sand fly bites during one transmission season (1989) in
southern France. Finally, other modes of acquiring Leishmania
infection in dogs living in close contact should not be ruled out,
such as via mating, bites, and exposure to blood, as recently
suggested by some authors (23, 24) to explain the occurrence
and spread of canine leishmaniasis in vector-free areas.
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